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In the context of a radio communications system 
that includes a core network coupled to a radio access 
network (RAN) and a plurality of mobile terminals, a con- 
nection may be established between the core network and 
one of the plurality of mobile terminals through the radio 
access network. A temporary RAN identifier is associated 
with the mobile terminal for the established connection. 
The temporary RAN identifier is used to assist in the 
transfer of information pertaining to the established con- 
nection or to the establishment of that connection through 
the radio access network. The radio access network in- 
cludes a first RAN node associated with a first geographi- 
cal coverage area and a second RAN node associated with 
a second geographical coverage area. When the mobile 
terminal moves from the first coverage area to the second 
coverage area, the connection is re-established through 
the RAN by way of the first and second RAN nodes us- 
ing the temporary RAN identifier. The temporary RAN 
identifier in packets corresponding to the established con- 
nection is used to direct those packets to and from the first 
and second RAN nodes. The first and second RAN nodes 
analyze packets corresponding to the established connec- 
tion including the temporary RAN identifier included in 
each packet. From analysis of the temporary RAN iden- 
tifier, the first and second RAN nodes determine where 
packets are to be routed. The temporary RAN identifier 
is also advantageously employed to facilitate mobile ter- 
minal registration and paging operations. 



Establish a connection between 

a Mobile Terminal (MT) and 
a Radio Access Networic (RAN) 



100 



Associate a temporary RAN identifier 
with the MT and the MT-RAN connection 



102 



Use the temporary RAN identifier to assist in 
the transfer of information between entities 
in the RAN involved in the MT-RAN connection 



104 



Discontinue use of the temporary RAN 
identifier when the MT-RAN connection 
terminates 



106 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCX on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


LuJtembourg 


SN 


Senegal 


AU 


Australia 


OA 


Gabon 


LV 


Latvia 


SZ 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TO 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


CI 


C6te d'Tvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






cu 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


U 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







wo 00/51374 



PCT/SEOO/00338 



1 

METHOD AND APPARATUS FOR TRANSFERRING INFORMATION 
BETWEEN MOBILE TERMINALS AND ENTITIES IN A RADIO ACCESS 

NETWORK 

RELATED APPLICATIONS 

This patent application is related to commonly-assigned United States 
Patent Application SN 09/071,886 filed May 5, 1998 and entitled "Multicell Area 
Paging For Cellular Telecommunications System,** which is incorporated herein by 
reference. 

FIELD OF THE INVENTION 

The present invention finds application to cellular telecpmmunications 
and relates to the transfer of information in a radio access network. 

BACKGROUND OF THE INVENTION 

A cellular telephone is one example of what is generally characterized 
as a "mobile station" (MS), a "mobile terminal (MT), or even more generally as 
"user equip ment"" (UE). The term mobile terminal is employed hereafter for 
purposes of description. Telecommunications services are provided between a 
cellular telecommunications network and a mobile terminal over an air interface, 
e.g., over radio frequencies. An active mobile terminal communicates over the air 
interface with one or more base stations. The base stations are managed by base 
station controllers (BSCs), which in some systems, are known as radio network 
controllers (RNCs). The term RNC is employed hereafter for purposes of 
description. Radio network controllers are coupled to one or more 
telecommunications networks by way of one or more control nodes such as a mobile 
switching center (MSC) node for connecting to connection-oriented, circuit-switched 
networks such as PSTN and/or ISDN, and a general packet radio service (e.g., 
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GPRS) node for connecting to connectionless, packet-switched networks such as the 
Internet. 

A basic cellular communications system 10 is shown in simplified 
function block format in Fig. 1. An example core network 12 is connected to several 
radio network controllers 14 including RNCl, RNC2, and RNC3. Each RNC 14 
controls the allocation of radio resources and radio connectivity operations for a set 
of cells: RNCl controls cells 1:1-1:5, RNC2 controls cells 2:1-2:5, and RNC3 
controls cells 3:1-3:5. The RNCs communicate by way of a signaHng network, e.g., 
signaling system number 7 (SS7), and a transport network generally indicated at 16. 
Each cell is a geographical area where radio coverage is provided by radio base 
station equipment at the base station site. A base station may serve one or more 
cells. A handover occurs as a mobile terminal travels from an old cell to a new cell. 
This permits mobile terminals to "roam" considerable distances. Each cell is 
identified using a unique identity broadcast in that cell over a common broadcast 
channel. 

As indicated in Fig. 1, the RNCs 14, the interconnecting signaling and 
transport network 16, and the radio base station equipment in each of the cells 
together comprise a radio access network (RAN) 20. Mobile terminals (MTs) 18 
permit a subscriber access to telecommunications services offered by the core 
network 12 via the RAN 20. The radio access network 20 is responsible for the 
radio transmission and control of radio connections between the core network 12 
and the mobile terminals 18. 

In the present invention, different roles are assigned to RNCs in the 
RAN depending on circumstances, configurations, etc. One RNC role is that of a 
"controlhng" RNC (CRNC) which controls the radio resources in its set of cells. In 
the example shown in Fig. 1, the RNCl is the controUing RNC for cells 1:1 to 1:5, 
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the RNC2 is the controlling RNC for cells 2:1 to 2:5, and the RNC3 is the 
controlling RNC for cells 3:1 to 3:5. 

Fig, 2 shows adjacent cells in a cellular communications network. An 
active cell denotes the cell currently supporting a radio connection with a mobile 
terminal. Adjacent neighboring cells may be selected by the mobile terminal via 
forward handover to support the connection. Forward handover is a process where 
a mobile terminal itself continues an established connection between a core network 
and the mobile terminal as the mobile terminal moves between different cells in the 
radio access network. Contrasted with traditional handover, the mobile terminal in 
forward handover independently re-establishes the radio connection with a new cell. 
This re-establishment of the connection is performed without prior notification via 
the old cell. Nor is there advance preparation in the network to continue the 
communication via the new cell. It is the mobile terminal that initiates and 
orchestrates forward handover rather than the core network, the core network node 
(e.g., MSG), or the radio access network (RAN). 

When the mobile terminal moves between cells controlled by different 
RNCs and performs forward handover, other roles are assigned to one or more of 
the RNCs for purposes of a connection between the core network and the mobile 
terminal. The RNC that controls the cell where the connection to the mobile 
terminal is initially established is assigned a "serving" RNC role for the duration of 
the connection. As the mobile terminal moves to new cells, the mobile terminal 
may reestablish the connection via a new cell controlled by another RNC which is 
then labeled as a "drift" RNC. For the connection to MTl, the controlling RNC of 
cell 1:2 (i.e., RNCl) acts as the serving RNC. For the connection to MT3, the 
controUing RNC of cell 2:5 (i.e., RNC2) acts as the drift RNC. The serving RNC 
role may be re-allocated to another RNC during the connection. The present 
invention may also be applied to such re-allocations. 
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A serving RNC (SRNC) has supervisory control of the mobile terminal 
connection within the radio access network 20 and provides a single interface to the 
core network 12 for that mobile terminal connection. The role of the drift RNC is 
to support the serving RNC with radio resources for the mobile terminal connection 
in cells controlled by the drift RNC. In the example shown in Fig. 2, RNCl acts as 
the serving RNC for the connections between the core network and mobile 
terminals MTl, MT2, and MT3. After forward handovers, the connection to mobile 
terminal 3 (MT3) now includes a cell 2:5 that is controlled by RNC2. Thus, RNC2 
functions as a drift RNC for this particular connection. 

Referring again to Fig. 1, mobile terminal MT2 is in contact with the 
RAN 20 via cell 1:5 having neighbor cells 1:4 and 2:1. As a result of changed radio 
conditions detected from neighboring cell information, MT2 decides, that the radio 
communication is to be reestablished via neighbor cell 2:1 controlled by RNC2 
rather than RNCl. Accordingly, signaHng and data transport between RNCl and 
RNC2 are required to reestablish the radio connection. RNCl acts as the serving 
RNC, and RNC2 acts as the drift RNC for MT2's connection. Furthermore, mobile 
terminal MT3 is in contact with the RAN 20 via cell 2:5 having neighbor cells 2:4 
and cell 3:L Because of changed radio conditions detected from neighboring cell 
information, MT3 decides that the radio communication is to be re-established via 
cell 3:1 controlled by RNC3. RNCl acts as the serving RNC, and RNC3 acts as the 
drift RNC for the MT3 connection. 

In both of these scenarios, signaling and data transport between serving 
RNC and drift RNC are required to re-establish the radio connection. Once a 
mobile terminal decides to perform the forward handover, it sends a cell update 
request message to the drift RNC, and the drift RNC sends a cell update message to 
the serving RNC. The serving RNC then returns a cell update accepted message to 
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the drift RNC which passes that message back to the mobile terminal through the 
appropriate cell. 

Since forward handover may involve more than one RNC, what is 
needed is an efficient way to route control messages and user data from the MT via 
the RAN 20 to the core network 12 and vice versa. This requires an efficient 
mechanism to route the control and user data between the RNCs in the RAN. Such 
efficient communications between RAN nodes or entities are advantageous in other 
scenarios. 

One example scenario is found in the context of mobility management, 
i.e., messages related to paging and keeping track of the current location of the 
mobile terminal. In packet-switched communication services, radio resources are 
typically shared by plural mobile terminals and used only when either (1) the mobile 
terminal desires to transmit or (2) the network transmits to the mobile terminal. 
When a mobile terminal is connected with the network during a connection 
involving a packet-switched service, cell updating and registration area updating are 
employed for mobility management. After an active mobile terminal enters the 
coverage area of another cell, the mobile terminal re-establishes the radio connection 
with the new cell by means of a cell update procedure ("cell connected state"). 

However, in idle periods of no data transfer, cell updating wastes radio 
resources, so registration area (RA) updating is used. In RA updating, the idle 
mobile terminal is in what is referred to hereafter as a "registration area connected 
state." A registration area corresponds to a group of cells Since traffic for a packet 
switched service is "bursty" in nature with long periods of no packet transfer, radio 
resources would be wasted if a radio channel was continuously assigned to a 
connection. Therefore, when the mobile terminal in an "RA connected state" moves 
into a new registration area, the mobile terminal updates the network with its 
current registration area using a registration area update procedure similar to the cell 
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update procedure. Thereafter, the mobile terminal may move freely between cells 
belonging to the same RA without having to perform an update procedure. If a 
packet is to be sent from the network to the mobile terminal and the location of the 
mobile terminal is known only at the registration area level (rather than at a cell 
level), a paging message is broadcast in all cells belonging to the registration area 
where the mobile terminal made its last registration area update. When the mobile 
terminal answers the page from the particular cell where it is currently located, the 
mobile terminal enters the "cell connect state." Both cell update related messages 
and registration area update related messages may often require message routing 
between RNCs in the RAN. 

Fig, 3 illustrates an example where cells controlled by RNC1-RNC3 are 
grouped into registration areas, RA1-RA6, each consisting of one or several cells. 
Information transmitted on the broadcast channel in each cell may contain cell and 
registration area identifiers for purposes of registration control. As long as such cell 
and registration area identifiers broadcast by a specific cell contain the same cell and 
registration area identifiers assigned to the mobile terminal during the most recent 
cell or RA update procedure, the mobile terminal need not register. However, when 
the terminal mobile terminal does not recognize the broadcast cell and registration 
area identifiers in the cell, it initiates an RA update procedure. 

An individual registration area (IRA) for a mobile terminal may be 
defined consisting of one or more registration areas (identified by RA identity) 
and/ or one or several cells (identified by cell identity). Thus, a mobile terminal 
assigned the IRA of RA4, RA5, and cell 3:4 in Fig. 3, need not perform a new 
registration until entering cell 2:2 or 3:5. When there is information to be sent to a 
mobile terminal and the serving RNC must locate the mobile terminal on a cell 
level, the serving RNC initiates a paging procedure so that a paging message is sent in 
all cells belonging to the IRA. If the cells of the IRA belong to more than one RNC, 
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the serving RNC sends paging request messages directly to each RNC that has a cell 
in the IRA. Alternatively, the serving RNC may send a paging request message to 
each RNC controlling the registration area(s) of the IRA, and to the RNCs 
controlling the additional cells of the IRA. The RNCs controlling the different 
registration area(s) will in turn request paging from other RNCs controlling cells 
within the registration areas. The mobile terminal response to the page may be 
received in a cell controlled by another RNC than the serving RNC, and possibly, 
by an RNC other than the RNC that acted as the drift RNC at the latest RA 
registration. 

Accordingly, forward handover and mobile terminal location/ mobility 
management operations require considerable signaling and data transport in the radio 
access network 20 between RAN entities like RNCs. The RAN also must keep 
track of which RNC controls the cell or registration area where the MT is currently 
known. It would therefore be desirable to have an efficient means to facilitate 
communication/information transfer between RNCs in the RAN that is transparent 
outside of the radio access network. 

It is an object of the present invention to provide effective and efficient 
communication between mobile terminals and entities/nodes in the radio access 
network (e.g., RNCs). 

It is an object of the present invention to provide and facilitate 
addressing of individual nodes in the RAN without each node having to know in 
advance the addresses of all other nodes. 

It is another object of the present invention to provide and facilitate 
addressing nodes in the RAN without a location register common to the RAN 
where information related to a connection with a specific mobile terminal is stored. 
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e.g., an identity of current cell or registration area, a current serving RNC address, a 
current drift RNC address, a current temporary mobile terminal RAN identifier, etc. 

It is an object of the present invention to provide and facilitate efficient 
radio connection re-establishment in a new cell belonging to another RNC than the 
RNC where the radio connection was originally established. 

It is an object of the present invention to provide and facilitate cificieni 
routing of control and user data after radio connection re-establishment in a new cell 
belonging to another RNC than the RNC where the radio connection was originally 
established. 

It is an object of the present invention to provide and facilitate efficient 
routing of control and user data relating to paging and other mobility management 
messages. 

In the context of a cellular communications system that includes a core 
network coupled to a radio access network (RAN) and a plurality of mobile 
terminals, a connection may be established between the core network and one of the 
plurality of mobile terminals through the radio access network. A temporary RAN 
identifier is associated with the mobile terminal for the established connection. The 
temporary RAN identifier is used to assist in the transfer of information pertaining 
to the established connection or to the establishment of that connection through the 
radio access network. The temporary RAN identifier is included in each data packet 
associated with the connection, and those connection data packets are routed 
through the RAN using the temporary RAN identifier incorporated in each 
connection packet. 

The radio access network includes a first RAN node associated with a 
first geographical coverage area and a second RAN node associated with a second 
geographical coverage area. When the mobile terminal moves from the first coverage 
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area to the second coverage area, the connection is re-established through the RAN 
by way of the first and second RAN nodes using the temporary RAN identifier. 
The temporary RAN identifier employed in packets corresponding to the estabUshed 
connection is used to direct those packets to and from the first and second RAN 
nodes. The first and second RAN nodes analyze packets corresponding to the 
established connection using a temporary RAN identifier included in each packet. 
From that analysis of the temporary RAN identifier, the first and second RAN 
nodes determine where packets are to be routed. 

In a preferred example embodiment, the temporary RAN identifier 
may include (1) a RAN node identifier (the serving RNC identity) corresponding to 
the first radio network controller (RNC) through which the connection was initially 
estabhshed and (2) a local mobile terminal identifier unique within this RNC. The 
RAN node identifier and the local mobile terminal identifier are both employed 
when making initial contact in a new geographical coverage area. Thereafter, only a 
local mobile terminal identifier, unique within the current controlling RNC, is 
employed in order to save radio resources. Once the established connection is 
terminated, use of the temporary RAN identifier is discontinued. 

Additional information may be provided along with the temporary 
RAN identifier in intra-RAN messages. Such additional information may include 
area information that permits the first RNC to route a message for the mobile 
terminal to the specific drift RNC controlling the area in which the mobile terminal 
is currently located. Such area information might include a registration area or a 
registration area and an additional cell outside of that registration area. The 
additional information may also include radio condition information. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects, features, and advantages of the 
invention will be apparent from the following description of preferred example 
embodiments as illustrated in the accompanying drawings in which reference 
characters refer to the same parts throughout the various views. The drawings are 
not necessarily to scale, emphasis instead being placed upon illustrating the principles 
of the invention. 

Fig. 1 is a function block diagram of a radio communications system in 
which an example embodiment of the present invention may be employed; 

Fig. 2 is a diagram illustrating conceptually a cellular network 
identifying an active cell surrounded by neighboring cells; 

Fig. 3 illustrates a portion of the radio communications network shown 
in Fig. 1 and also illustrates the concept of registration areas; 

Fig. 4 is a flowchart diagram illustrating an example embodiment of the 
present invention; 

Fig. 5 is a flowchart diagram illustrating another example embodiment 
of the present invention; 

Fig, 6A is a signaling diagram showing example messages 
communicated between RAN entities in Fig. 1; 

Fig. 6B illustrates example formats of the messages employed in 

Fig. 6A; 

Fig. 7 A is an example signaling flow diagram of a cell update procedure; 
Fig. 7B illustrates example formats of messages shown in Fig. 7A; 
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Fig. 8A is a signaling diagram of a cell update request that involves both 
a serving RNC and a drift RNC; 

Fig. 8B shows example formats of messages employed in Fig. 8A; 

Fig. 9A is a Change of State signaling flow diagram; 

Fig. 9B shows example formats of messages employed in Fig. 9A; 

Fig. lOA is a signaling flow diagram of a paging operation; and 

Fig. lOB illustrates example message formats of the messages employed 

in Fig. lOA. 

DETAILED DESCRIPTION OF THE DRAWINGS 

In the following description, for purposes of explanation and not 
limitation, specific details are set forth, such as panicular embodiments, data flows, 
signaling implementations, protocols, techniques, etc., in order to provide an 
understanding of the present invention. However, it will be apparent to one skilled 
in the art that the present invention may be practiced in other embodiments that 
depart from these specific details. In other instances, detailed descriptions of well- 
known methods, interfaces, devices, and signaling techniques are omitted so as not to 
obscure the description of the present invention with unnecessary detail. 

The present invention may be implemented in the example cellular 
communications network illustrated in Figs. 1-3 and described above. Of course, 
those skilled in the art will appreciate that the present application can be employed 
in other contexts as well. 

Fig. 4 illustrates an example embodiment of the present invention. 
Initially, a connection is to be established between a mobile terminal (MT) and a 
radio access network (RAN) (block 100). A temporary RAN identifier is associated 
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by the RNC through which the connection is initially established, i.e., a serving 
RNC. That temporary RAN identifier is further associated with the mobile 
terminal, and as a result, identifies the specific RAN connection (block 102). The 
temporary RAN identifier is then used to assist in the transfer of information 
between entities in the RAN that are involved with the MT-RAN connection as well 
as between the MT and the RAN (block 104). This would include both information 
that is used in establishing the connection, in maintaining that connection, and in 
transferring that connection between different cells as the mobile terminal moves. 
Use of the temporary RAN identifier is discontinued when the MT-RAN 
connection terminates. 

Fig. 5 shows another more elaborate - but still example -embodiment 
of the present invention. An MT-RAN connection is established via, a serving RNC 
(SRNC) (block 110) between the core network 20 and one of the mobile 
terminals 18. For purposes of illustration, the serving RNC corresponds to RNCl 
in Fig. 1, assuming that RNCl is the controlling RNC (CRNC) for the cell where 
the MT-RAN connection is established. The SRNC assigns a temporary RAN ID 
and a CRNC MT ID to the MT to identify the MT-RAN connection (block 112). 
Because the radio interface portion of the connection involves only the CRNC and 
the MT, only the CRNC MT ID need be used. Therefore, only the CRNC MT ID 
is inserted into control and user data packets transported over the radio interface 
associated with the MT-RAN connection (block 114). The temporary RAN ID 
consists of one part that identifies the SRNC (an SRNC identifier or address) and 
one part that identifies the mobile terminal within the SRNC (an SRNC MT 
identifier). The CRNC MT ID is typically shorter than the temporary RAN ID in 
order to minimize addressing information length over the radio interface. The use of 
two identifiers - SRNC MT ID and CRNC MT ID ~ is particularly beneficial in a 
later cell update procedure conducted at a cell controlled by another RNC. While 
the SRNC MT ID should preferably be allocated by the SNRC, the CRNC MT ID 
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may be allocated by a DRNC to avoid collisions. When the CRNC controlling the 
cell of the MT is also the SRNC, the SRNC MT ID and the CRNC MT ID may be 
the same. 

When the MT re-establishes the MT-RAN connection via a new cell 
controlled by the same RNC, now acting as the SRNC, the temporary RAN ID is 
used to effect the re-establishment (block 116) because the MT is not aware whether 
the new cell is controlled by the same or another RNC. The SRNC may optionally 
assign a new CRNC MT ID to the MT (block 118) to be inserted in each control and 
user data packet sent over the radio interface on the MT-RAN connection 
(block 120). Of course, the use of the same CRNC MT ID assigned in block 112 
may also be continued. 

When the MT re-establishes the MT-RAN connection via a new cell 
controlled by a new RNC, acting as the DRNC for the MT-RAN connection, the 
temporary RAN ID is again used to establish the connection in the new cell 
(block 122) because the MT is not aware that the new cell is controlled by another 
RNC. The DRNC assigns a new CRNC MT ID to the MT (block 124) to be 
inserted in each control and user data packet sent over the radio interface on the MT- 
RAN connection (block 126). 

Optionally, if the MT-RAN connection is converted from a packet 
type connection to a dedicated type of connection through the RAN 20, the use of 
the temporary RAN ID for identification of packets in the radio interface is 
discontinued because the channel is then dedicated to just that connection 
(block 128). There is no longer a need to route/address packets. However, if the 
MT-RAN connection is later re-converted to a packet-type of connection, use of the 
previous temporary RAN ID may be resumed or a new temporary RAN ID be 
assigned by the SRNC. In any event, when the MT-RAN connection is terminated, 
use of the temporary RAN ID is discontinued (block 130). 
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A specific example relating to establishing a MT-RAN connection is 
now described in conjunction with the cellular system 10 shown in Figs. 1 and 3, the 
signal flow shown in Fig. 6A, and the packet formats shown in Fig. 6B. When the 
MTl initially establishes a connection with the RNCl by way of cell 1:2, the RNCl 
acts as the serving RNC for that MT-RAN connection. The Connection Request 
message (1) is sent from MTl to the SRNC as shown in Fig. 6B. Also included is, for 
example, a random ID (unrelated to the invention) used to avoid collisions in 
random access attempts over a random access channel. The SRNC then sends a 
Connection Accept message (2) to the MTl which, as shown in Fig. 6B, includes a 
temporary RAN ID. Because this is an initial connection estabHshment request, the 
temporary RAN ID preferably includes in this example embodiment both an SRNC 
ID as well as a MT identifier recognized by the SRNC (i.e., an SRNC MT ID). Both 
IDs are used to establish routing through the RAN and to identify the MT-RAN 
connection when the MT moves outside the area covered by cells controlled by the 
SRNC, particularly when the connection is re-established in a cell not controlled by 
the SRNC. Because RNCl, now acting as SRNC for the MT-RAN connection, is 
also the CRNC for cell 2:1, the RNCl also assigns a CRNC ID to the MT (i.e., a 
CRNC MT ID). In this single RNC example, the SRNC MT ID could be adopted as 
the CRNC MT ID. 

At this stage, control and user data messages can be exchanged between 
the MT and core network via the SRNC, Control messages might relate for example 
to authentication and service negotiation, the details of which are not relevant to the 
present invention. Example formats of control and user data messages transferred 
between the SRNC and MT are illustrated at messages (3) and (4) in Fig. 6B and 
employ only the CRNC MT ID. 

The CRNC MT ID is preferably used as the address for messages (3) 
and (4) because it is shorter than the temporary RAN ID and therefore uses less radio 
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resources. It is also used because the longer temporary RAN ID is not necessary 
after the routing path between the SRNC and MT is initially established by the 
message (2), However, the longer temporary RAN ID could be used as the address 
for messages (3) and (4). Once the RNCl recognizes that it is the serving RNC, it 
functions as the direct interface to the core network and to the mobile terminal for 
that connection. 

Figs. 7 A and 7B illustrate a signaling diagram and example message 
formats, respectively, for a cell update procedure when the mobile terminal MTl 
moves from cell 1:2 to cell 1:3. Having entered into a new cell, the mobile terminal 
MTl must register in the new cell, and therefore, sends a Cell Update Request 
message (1) to the serving RNC (RNCl). The form of the Cell Update Request 
message (1) shown in Fig. 7B includes, in addition to the substantive ^nessage, the 
temporary RAN ID (including the SRNC ID and SRNC MT ID). The longer 
temporary RAN ID is needed because the MT does not know which RNC controls 
the cell where the MT performed the cell update. The SRNC then sends a Cell 
Update Message (2) to the mobile terminal having a format corresponding to that 
shown in Fig. 7B. Specifically, a new CRNC MT ID is assigned by the CRNC 
controlling the cell where the MT made the cell update. Alternatively, the SRNC 
MT ID assigned when the connection was initially established via cell 1:2 may also 
be employed as the CRNC MT ID since the RNC controlling the cell is the SRNC. 
Still further, the same CRNC MT ID assigned in a previous cell may be used. 
Information transfers using message formats (3)-(5) continue with preferably only the 
shorter CRNC MT ID included for addressing/ routing with the control or user data 
in each packet. 

A further example implementation of the present invention is now 
described in conjunction with Figs. 8A and 8B which illustrate a signaling diagram 
and example message formats, respectively, for a more complicated cell update 



wo 00/51374 



PCT/SEOO/00338 



16 



procedure. The mobile terminal MTl moves from cell 1:5 and enters cell 2:1. 
Cell 2:1 is controlled by a new RNC (RNC2). The mobile terminal MTl sends a 
Cell Update Request message (1) to the drift RNC (RNC2) using the message format 
shown in Fig. 8B at (1). The temporary RAN identifier (ID) accompanying the Cell 
Update Request includes both the SRNC ID and the SRNC MT ID address 
information. The drift RNC (DRNC) allocates a new CRNC MT ID. Using the 
SRNC ID included the temporary RAN ID, the drift RNC (RNC2) determines the 
SRNC address and forwards to the SRNC the Cell Update Request message along 
with the SRNC MT ID, the DRNC address, the DRNC ID, possibly a new CRNC 
MT ID, and new cell information (e.g., cell identification of the new cell so that the 
SRNC knows this information). The SRNC analyzes the Cell Update Request 
message (2) and employs the DRNC address and CRNC MT ID to route the Cell 
Update Accept message (3) back to the appropriate drift RNC (i.e., RNC2). 
Message 3 also contains the old CRNC MT ID (if any is allocated by this DRNC) in 
order to de-allocate this identification number with the DRNC. If a third RNC is 
involved, (e.g., the mobile terminal moves from a cell under the control of RNC2 to 
a cell under the control of RNC3), while the RNCl is the serving RNC, a specific 
message may be employed to release the CRNC MT ID at the "old" drift RNC 
(RNC2). 

The drift RNC sends a Cell Update Accept message (4) to the MT 1 
coupled with the temporary RAN ID (SRNC ID and SRNC MT ID) and the new 
CRNC MT ID to be used for subsequent data transfers within the same cell. The 
mobile terminal acknowledges the assignment of the CRNC MT ID by sending a 
"Cell Update Confirm" message (5) to the drift RNC. The drift RNC forwards this 
message to the serving RNC along with the SRNC address and the SRNC MT ID as 
shown at (6). 
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Subsequent data messages are passed between the MTl and the core 
network (CN) by way of the drift RNC and the serving RNC in messages (7)-(10). 
In the direction from the MTl to the SRNC, the message (7) is routed to the drift 
RNC where the mobile terminal is currently located. The DRNC ID is used as the 
RAN address of RNC2 or as a means to derive the RAN address of RNC2. The 
CRNC MT ID is used to identify the MTl within the drift RNC (RNC2). The drift 
RNC forwards the message to the mobile terminal at (8) using the CRNC MT ID as 
the mobile terminal identifier. In the uplink direction towards the RAN, the mobile 
terminal uses the CRNC MT ID identifier in the message (9). The drift RNC 
forwards the message (10) to the serving RNC routing it through the RAN using the 
serving RNC ID as its RAN address or as a means to derive the RAN address of the 
serving RNC. The serving RNC MT ID is used to identify the mobile terminal by 
the serving RNC. The serving RNC also uses the SRNC MT ID to identify the 
corresponding user and forward the message to the core network. 

Yet another example scenario where this more detailed example 
embodiment of the invention may be employed is described in conjunction with 
Figs. 9A and 9B. At periods with very low traffic involving the mobile terminal, the 
SRNC may lower the activity level of the mobile terminal MTl so that it needs only 
register/ update with the RAN from its current location when passing a registration 
area border thereby conserving radio resources (see the example registration areas 
illustrated in Fig. 3). The SRNC decides to change the activity level of the mobile 
terminal MTl to "RA state." The SRNC sends the message (l) "Change to RA 
State" to the drift RNC using the CRNC MT ID (as previously allocated by the drift 
RNC) to identify the mobile terminal MTl. This message may optionally contain 
cell information that specifies the area (in terms of cell and/or RA identities) where 
the mobile terminal MTl may move without having to update its location. This 
area is referred to as the Individual Registration Area (IRA) for this MT. If not 
included in the message, the MT receives the valid registration area information from 
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the broadcast channel of the cell. The drift RNC forwards the message to the mobile 
terminal using the CRNC MT ID as an address. The mobile terminal acknowledges 
the reception of the message by sending a "Change to RA State Accept'' message to 
the drift RNC. Thereafter, the drift RNC forwards this message to the serving RNC 
using the SRNC address. The SRNC MT ID is used to identify the mobile terminal 
within the SRNC. 

To avoid having to store information about all registration areas and 
the RNCs that control the cells of those registration areas in every RNC of the 
RAN, the SRNC may, prior to sending message (1) in Fig. 9B, selectively request this 
information from the drift RNC. The drift RNC selects the appropriate area for the 
mobile terminal, (in terms of registration areas and/or cells), and returns this 
information to the serving RNC together with the RNC identities ar^d the RNC 
addresses of the RNCs that control the cells of that area. 

Irrespective of the mobile terminal's activity level, the SRNC needs to 
be able to locate the idle mobile terminal at a cell level whenever there is data to be 
sent to that mobile terminal. The SRNC sends requests for paging to each RNC 
controlling cells of the IRA. Figs. lOA and lOB illustrate an example paging 
procedure where this more detailed example embodiment of the invention may be 
employed. A paging request (1) is sent from the serving RNC (e.g. RNCj) to other 
RNCs (RNC2 and RNC3) which control cells of the MT's IRA, As shown in 
Fig. lOB, the page request includes the address of one of the appropriate other RNCs 
(RNC2 or RNC3) along with the SRNC ID and the SRNC MT ID. Both of the 
other RNCs that receive the page request from the serving RNC send out paging 
messages (2) to each of the cells controlled by that RNC that also include the SRNC 
ID and the SRNC MT ID. These broadcast Paging messages (2) include the SRNC 
ID and the MT ID. The Paging Response (3) from the mobile terminal from one of 
the cells controlled by RNC3 (in this example) is received. The drift RNC 
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(corresponding to RNC3) sends a Paging Response message (4) back to the serving 
RNC which includes the SRNC address, the SRNC MT ID, the paging response 
message itself, the drift RNC3 address, the CRNC MT ID newly allocated by RNC,, 
and cell and neighboring cell information. The serving RNC sends a Connection 
Accept message (5) to the drift RNC containing the RNCj address and the CRNC 
MT ID. The drift RNC (RNC3) sends a Connection Accept message (5) back to the 
mobile terminal which includes the SRNC ID, the SRNC MT ID, the RNC^ CRNC 
MT ID, along with the message. Accordingly, control and user data can be 
transported between the SRNC and the mobile terminal via the DRNC (RNC,) 
using message formats similar to those shown in messages (7)-(10) in Fig. 8B. 

The present invention provides for efficient and dynamic exchange of 
address/routing information between a mobile terminal and nodes (e.g., RNCs) m 
the radio access network. This is particularly advantageous when the mobile 
terminal re-establishes its connection with the radio access network using forward 
handover. The mobile terminal can re-establish the connection via a cell controlled 
by any RNC within the RAN, control messages can be routed between RNCs 
within the RAN in order to update the serving RNC with the current location (i.e., 
cell and controlling RNC) of the mobile terminal, and control and user data can be 
efficiently routed between the core network and the mobile terminal by way of the 
RAN. The efficient addressing and routing scheme of the invention is also 
advantageous when an idle mobile terminal communicates its current location or 
when the idle mobile terminal needs to be located. 

While the present invention has been described with respect to a 
particular embodiment, those skilled in the art will recognize that the present 
invention is not limited to the specific embodiments described and illustrated herein. 
Different formats, embodiments, and adaptations besides those shown and described 
as well as many modifications, variations, and equivalent arrangements may also be 
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used to implement the invention. Therefore, while the present invention has been 
described in relation to preferred example embodiments, it is to be understood that 
this disclosure is only illustrative and exemplary of the present invention. 
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WHAT IS CLAIMED : 

1. In a radio communications system including a core network coupled to 
a radio access network (RAN) and a plurality of mobile terminals, a method 
comprising: 

establishing a connection between the core network and one of a plurality of 
mobile terminals through the radio access network; 

associating a temporary RAN identifier with the mobile terminal for the 
connection; and 

using the temporary RAN identifier to assist in the transfer of information 
through the radio access network relating to the connection. 

2. The method in claim 1, wherein the temporary RAN identifier is used 
to route information between one or more entities in the RAN involved in the 
connection. 

3. The method in claim 1, wherein the connection is a packet-based 
connection and the temporary RAN identifier is included in each connection packet, 
the method further comprising: 

routing connection packets through the RAN using the temporary RAN 
identifier incorporated in each connection packet. 

4. The method in claim 1, wherein the radio access network includes a 
first node associated with a hrst geographical coverage area and a second node 
associated with a second geographical coverage area, the method further comprising: 

using the temporaiy RAN identifier in those packets corresponding to the 
connection to direct those packets to the first node. 

5. The method in claim 4, wherein the mobile terminal moving from the 
first coverage area to the second coverage area re-establishes the connection using the 
temporary ILAN identifier. 
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6. The method in claim 5, wherein the temporary RAN identifier 
includes a node identifier corresponding to the node through which the connection 
was initially established and a mobile terminal identifier. 

7. The method in claim 6, wherein the node identifier corresponding to 
the node through which the connection was initially established and the mobile 
terminal identifier are employed when making initial contact in a new geographical 
coverage area. 

8. The method in claim 7, wherein only the mobile terminal identifier is 
employed after making initial contact in the new geographical coverage area. 

9. The method in claim 4, wherein the temporary RAN identifier 
includes a node identifier corresponding to the node through which the connection 
was initially established and a mobile terminal identifier, the method further 
comprising: 

routing packets associated with the connection between the first and second 
nodes using a shortened temporary RAN identifier that lacks the node identifier. 

10. The method in claim 4, wherein the first node is an initial RAN node 
that controls the connection from the perspective of the core network and the 
second node is another RAN node that currently serves the mobile terminal. 

11. The method in claim 1, further comprising: 

discontinuing use of the temporary RAN identifier when the established 
connection is terminated, 

12. The method in claim 1, wherein the established connection is a packet- 
based connection, the method further comprising: 

discontinuing use of the temporary RAN identifier when the established 
connection is allocated a dedicated radio channel. 
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13. In a radio communications system including a core network coupled to 
a radio access network (RAN) and a plurality of mobile terminals where a 
connection between the core network and one of a plurality of mobile terminals 
located in a first geographical area may be established through the radio access 
network, a method comprising: 

associating a first RAN identifier with the one mobile terminal for the 
connection to be established; 

using the first RAN identifier to assist in handling the connection in the radio 
access network when the one mobile terminal initially communicates with the radio 
access network from a second geographical area; and 

using a second RAN identifier to assist in handling the connection in the radio 
access network after the initial communication by the one mobile terminal from the 
second geographical area. 

14. The method in claim 13, wherein the first and second RAN identifiers 
are temporary. 

15. The method in claim 13, wherein the first RAN identifier is longer 
than the second RAN identifier. 

16. The method in claim 13, wherein the first RAN identifier includes a 
node identifier corresponding to a RAN node through which the connection was 
initially established and a mobile terminal identifier. 

17. The method in claim 16, wherein the second RAN identifier includes 
the mobile terminal identifier but not the node identifier. 

18. The method in claim 13, wherein the radio access network includes 
plural RAN nodes and one of the RAN nodes determines a RAN node address using 
one of the first and second RAN identifiers. 
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19. In a radio communications system including a core network coupled to 
a radio access network (RAN) including a first Radio Network Controller (RNC) 
associated with a first area and a second Radio Network Controller (RNC) associated 
with a second area and a plurality of mobile terminals, where a connection may be 
established between the core network and one of a plurality of mobile terminals 
located in the first area through the radio access network using the first RNC, a 
method comprising: 

the first RNC associating a temporary RAN identifier with the one mobile 
terminal for the connection; and 

when the mobile terminal re-establishes the connection with the second RNC, 
the first RNC communicates information associated with the connection with the 
second RNC using the temporary RAN identifier. 

20. The method in claim 19, wherein the temporary RAN identifier 
includes an RNC identifier corresponding to the first RNC through which the 
connection was initially established and a mobile terminal identifier. 

21. The method in claim 19, wherein the temporary RNC identifier 
includes a RAN address of the first RNC. 

22. The method in claim 19, further comprising: 

determining an address of the first RNC using the temporary RNC identifier. 

23. The method in claim 19, further comprising: 

including additional RAN information in a message to the second RNC. 

24. The method in claim 23, wherein the additional information includes 
area information that permits the first RNC to route a message for the mobile 
terminal to the RNC controUing the area that the mobile terminal is currently 
located. 
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25. The method in claim 23, wherein the additional information includes 
radio condition information. 

26. The method in claim 19, wherein the temporary RAN identifier 
includes a first RNC ID and a first mobile terminal ID associated with the first 
RNC. 

27. The method in claim 26, wherein after the connection is established 
with the first RNC, control or user data are sent between the mobile terminal and 
the first RNC using only the first mobile terminal ID, 

28. The method in claim 19, further comprising: 

analyzing at the second RNC a packet corresponding to the connection 
including the temporary RAN identifier included in the packet; 

determining at the second RNC from the temporary RAN identifier that the 
packet is to be routed to the first RNC; and 

routing the packet to the first RNC. 

29. The method in claim 19, further comprising: 

determining a RAN address of the first RNC using the temporary RAN 
identifier; and 

using the determined RAN address of the first RNC in a subsequent message 
to be routed from the second RNC to the first RNC. 

30. The method in claim 28, wherein the second RNC assigns a second 
mobile terminal ID to the mobile terminal, the method further comprising: 

sending control or user data between the mobile terminal and the second 
RNC using only the second mobile terminal ID, 

31. The method in claim 19, when the connection is terminated, using the 
temporary RAN identifier in association with another. 
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32. The method in claim 19, further comprising: 

the first RNC determining another RAN identifier corresponding to the 
second RNC; and 

the first RNC using the other RAN identifier to route a message associated 
with the connection to the second RNC. 

33. The method in claim 32, further comprising: 

assigning a second mobile terminal ID to the mobile terminal for this 
connection; and 

employing the second mobile terminal ID to direct control or user data 
between the mobile terminal and the second RNC. 

34. In a radio communications system including a core network coupled to 
a radio access network (RAN) and a plurality of mobile terminals, a RAN node 
comprising: 

a memory having at least one region for storing computer executable program 
code; and 

a processor for executing the program code stored in the memory, 
wherein the program code includes code responsive to a request to 
communicate with or by one of the mobile terminals to establish a connection 
between the core network and the one mobile terminal through the radio access 
network and to associate a temporary RAN identifier for the connection; and code 
responsive to a message from the core network that uses the temporary RAN 
identifier to assist in a transfer of information in the radio access network. 

35. The RAN node in claim 34, wherein the code is responsive to a page 
message from the core network to use the temporary RAN identifier to assist in a 
page of the mobile terminal. 
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36. The RAN node in claim 34, wherein the code is responsive to a cell 
update message from the mobile terminal including the temporary RAN identifier to 
assist in a cell update operation relating to the mobile terminal. 

37. The RAN node in claim 34, wherein the code is responsive to a 
registration area update message from the mobile terminal including the temporary 
RAN identifier to assist in a registration area update operation relating to the mobile 
terminal. 

38. The RAN node in claim 34, wherein the code is responsive to a 
forward handover message from the mobile terminal including the temporary RAN 
identifier to assist in a forward handover operation. 

39. The RAN node in claim 34, wherein the code is responsive to a 
message from another RAN node involved in the connection to determine a RAN 
address of the other RAN node. 

40. In a radio communications system including a core network coupled to 
a radio access network (RAN) and a plurality of mobile terminals, where a 
connection may be established between the core network and one of a plurality of 
mobile terminals through the radio access network, apparatus comprising: 

means for associating a temporary RAN identifier with the mobile terminal 
for the established connection; and 

means for using the temporary RAN identifier to assist in the transfer of 
information through the radio access network. 

41. The apparatus in claim 40, wherein the means for using uses the 
temporary RAN identifier to transfer information between one or more entities in 
the RAN involved in the established connection. 
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42. The method in claim 40, wherein connection is a packet-based 
connection and the temporary RAN identifier is included in each connection packet, 
the method further comprising: 

means for routing connection packets through the RAN using the temporary 
RAN identifier incorporated in each connection packet, 

43. The method in claim 40, wherein the radio access network includes a 
first node associated with a first geographical coverage area and a second node 
associated with a second geographical coverage area, the method further comprising: 

means for using the temporary identifier in packets corresponding to the 
established connection to direct those packets to the first node. 

44. The method in claim 43, wherein the mobile terminal moving from the 
first coverage area to the second coverage area re-establishes the connection using the 
temporary RAN identifier. 

45. The method in claim 44, wherein the temporary RAN identifier 
includes a node identifier corresponding to the node through which the connection 
was initially established and a mobile terminal identifier. 

46. The method in claim 45, wherein the mobile terminal employs the 
node identifier corresponding to the node through which the connection was 
initially established and the mobile terminal identifier when making initial contact in 
a new geographical coverage area. 

47. The method in claim 46, wherein the mobile terminal employs only 
the mobile terminal identifier after making initial contact in the new geographical 
coverage area. 

48. The method in claim 42, wherein the temporary RAN identifier 
includes a node identifier corresponding to the node through which the connection 
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was initially established and a mobile terminal identifier, the method further 
comprising: 

routing packets associated with the connection between the first and second 
nodes using a shortened temporary RAN identifier that lacks the node identifier. 

49. The method in claim 43, wherein the first node is an initial RAN node 
that controls the connection from the perspective of the core network and the 
second node is another RAN node that currently serves the mobile terminal. 

50. In a radio communications system including a core network coupled to 
a radio access network (RAN) including a first Radio Network Controller (RNC) 
associated with a first area and a second Radio Network Controller (RNC) associated 
with a second area and a plurality of mobile terminals, where a connection may be 
established between the core network and one of a plurality of mobile terminals 
located in the first area through the radio access network using the first RNC, a 
method comprising: 

the first RNC assigning a temporary RAN identifier and a first RNC mobile 
terminal identifier (MT ID) to the one mobile terminal for the connection; 

sending control or user data between the mobile terminal and the first RNC 
using the first RNC MT ID; 

if the mobile terminal re-establishes the connection with the second RNC, the 
first RNC communicates information associated with the connection with the 
second RNC using the temporary RAN identifier; 

the second RNC assigning a second RNC MT ID to the mobile terminal; and 

sending control or user data between the mobile terminal and the first and 
second RNC using the second RNC MT ID. 

51. The method in claim 50, further comprising: 

the first RNC sending a page request to the second RNC containing a first 
RNC identifier and the first RNC MT ID; and 
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the second RNC paging the mobile terminal and the mobile terminal 
responding to the page using the first RNC identifier and the first RNC MT ID. 

52. The method in claim 51, further comprising: 

the second RNC forwarding the page response to the first RNC along with 
5 the first RNC MT ID and the second RNC MT ID. 
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